
The transmittance was reduced as compared with the small 
thickness of the Au film conceivably because the 
transmittance of the IDIXO film itself was reduced due to 
the presence of Au. 



REMARKS : 

1) This Voluntary Amendment is a Supplement to the Response that was 
filed on September 6, 2001* The prior Response was fully respon- 
sive to all issues raised in the Office Action of June 6, 2001, 
so that there is no period for response running in connection 
with the present Voluntary Amendment, and no Term Extension is 
required. 

2) The Examiner's attention is directed to the enclosed Letter to 
the Official Draf tsperson , accompanied by seven sheets of revised 
drawings showing proposed corrections . 

To better comply with the Rules, the sub-figures (a), (b), 
(c) and (d) of original Fig. 1 have been separately labeled as 
Fig. lA, Fig. IB, Fig. IC and Fig. ID. 

To more clearly show the three separate curves or lines of 
data points in original Fig. 6, it is proposed to divide Fig. 6 
into three separate Figures, namely Fig. 6A, Fig. 6B, and 
Fig. 6C. 

To more clearly show the three separate curves or lines of 
data points in original Fig. 7, it is proposed to divide Fig. 7 



3905/WFF:ar 



_ 5 _ 



into three separate Figures^ namely Fig. 7A, Fig. 7B, and 
Fig. 7C. 

Since these corrections merely involve relabeling Figures 
and dividing two original Figures respectively into distinct 
sub-figures, no new matter is involved. 

The specification has been amended to conform to the revised 
drawings . 

Approval of the proposed revisions is respectfully 
requested. 

Proper formal drawings incorporating the present revisions 
will be filed once the application has been allowed. 

The specification has been amended to conform to the presently 
submitted drawing revisions. Since the amendments merely involve 
the relabeling of certain Figures, and the division of some 
Figures into separate sub-views, no new matter is involved. It 
is respectfully submitted that the written description and the 
drawings can now be more easily and readily understood in connec- 
tion with each other. A marked-up version of the affected por- 
tions of the specification is enclosed, to show the subject 
matter being added to and deleted from the specification of 
record. Entry of the amendments is respectfully requested. 

In a Telephone Interview on September 26, 2001, the Examiner said 
that he would consider this Voluntary Amendment together with the 
Response of September 6, 2001, when next examining the applica- 
tion. The Examiner's consideration is appreciated. 
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Favorable reconsideration and allowance of the application, 
including all present claims 1 and 4 to 7 , are respectfully 
requested, in view of the Response dated September 6, 2001 to- 
gether with the present Voluntary Amendment. 



Respectfully submitted. 



Takao NAKAMURA et al 
Applicant 



WFF:ar/3905 

Ends, : postcard, marked-up 

version of spec, pgs . 

8, 9, 14, and 17; 

Letter to Draftsman and a 

red-marked file copy of 

drawing Figs. 1, 6, 7 




falter^F, F«^¥e- 
Patent Attorney 
Reg. No.: 36132 
Tel. 207-862-4671 
Fax. 207-862-4681 
P. O. Box 72 6 
Hampden, ME 04444-0726 



CERTIFICATE OF MAILING ; 



I hereby certify that this correspondence with all enclosures is 
being mailed on the date indicated below as first-class mail, 
postage pre-paid, in an envelope addressed to: Commissioner for 



Patents, Box Response - No Fee, Washi 
i^alter F.-^^s-g^ October 3, 2001 ^ 



::on, D, 



20231 
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TFig 1 includes diagxams (a) to (d) for iUustratin^jfhe structure of a 

present inventiont i ^ , • j 

Fig- 2 is a sectional view of a specific example of the semiconductor 

Hght-emitting device according to the first embodiment; 

Fig 3 is a conceptual diagram for iUustrating improvement of optical 

output in a semiconductor Hght-emitting diode according to a second 

embodiment of the present invention; " 

Fig. 4 is a conceptual diagram of a laser ablation film forming 

apparatus, ^ iU^strates the relation between resistivity of an IDIXO film 



having a thickness of 120 nm and o^ypn pi^ssge; . / ^^^^^ 



Fig. 8 is f&cSSSiTview of a com^mfea:Temiconcluctoi ugni euuttmg 
device obtained according to the present invention; 

Figs. 9A and 9B are sectional views of a conventional hght-emitting 

'^^'^''^ Fig. 10 is a sectional view showing the structure of a conventional 

LED; and , . 

Fig. 11 is a sectional view of a conventional LED having a current 

diffusion electrode. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In a first embodiment of the present invention, a transparent 
conductor film having low resistance and Mgh transmitt^i^mgl^d m 
place of a conventional Au film. Referring tofe) of Fig.|Sie transpai-ent 
conductor film is applied as a p-type electrode in the firstembodiment of 
the present invention in particular^ CoM^aC^^fU^ ^J- - - 

Referringtofe of Fig. jf^sparent conductor film 30 generally 
consists of an n-type semiconductor, and inevitably forms a junction when 



^ dii-ectly formed on a p-type semiconductor layer 24. Referring t6j(b) of Ftg. 
J, transmittance as weU as luminous efficiency are reduced when^^u 
film 26 is formed o n a p-type semi ^nc^tor layer|r~ ? 4 

Referring t((((d) of Fig. |, an ^tremely thin Au thin fOm 10a is -r'J 
formed on a p-type semiconduct^ layer 24, and a transpai-ent conductor 
film 10b is thereafter stackedj^ccofffiog to the present invention. The Au 
thin film 10a has a sufficiently small thickness of 1 to 3 nm, so that the 
transmittance is not remarkably reduced. The transparent conductor film 
10b having high transmittance can be formed^ja relakvely large thickness. 



10 Consequently, a current effectively spreads over an electrode through the 
transpaient conductor film 10b. 

Fig. 2 is a sectional view of a ZnSe compound semiconductor Ught- 
emitting device to which the present invention is appHed. An n-type ZnSe 
bviffer layer 2 of 1 |J.m in thickness, an n-type ZnMgSSe clad layer 3 of 1 |xm 

15 in thickness, a ZnSe/ZnCdSe multiple quantum weU active layer 4, a p-type 
ZnMgSSe clad layer 5 of 1 nm in thickness, a p-type ZnSe layer 6 of 0.2 ^im 
in thickness and a p-type contact layer 7 consisting of a multilayer 
superlattice structure of ZnTe and ZnSe ai'e successively provided on a 
conductive ZnSe single-crystalhne substrate 1 having an n-type electrode 

20 12 on the back surface. A p-type ZnTe layer 8 of 60 nm in thickness is 
provided on the uppermost surface. An upper electrode 10 having a 
midtilayer structure of an Au thin film 10a of 1 to 3 nm in thickness and a 
transpaient conductor film 10b formed thereon is formed on such an epi- 

structure. 
25 Sprnnd Em bodiment 

A second embodiment of the present invention relates to a technique 
of extracting Hght, which is unextractable due to total reflection, by (e.g., 
irregulaiiy) controlling the surface shape pf a transparent conductor film. 
Thus, optical output can be improved. Fig. 3 illustrates the concept of this 

30 embodiment. 

The following equation holds according to the Snell's law: 

msinOi = n2sin02 

Assuming that m = 3.5 (semiconductor) and n2 = 1 (air), an angle 0i 
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120 nm. 

Fig. 5 shows the relation between resistivity and oxygen pressure. 
The resistivity remarkably varied with the oxygen pressure, and a 
characteristic having a dip was obtained at 3 x lO-^ Torr. This agi-ees with 
the hitherto report that the resistance of a transparent conductor film has 
an optimum value depending on the amount of oxygen. It is extremely 
difficult to obtain the lowest value of 6.5 x 10*^ Qcm by conventional 
sputtering. Thus, the resistivity is lower by about one figure as compared 
with sputtering, and hence the necessary thickness can be reduced to 1/10, 
the transmittance can be increased and a high-quality transpai'ent 
conductor film can be prepared at a low cost. The surface of the film 
prepared under these conditions was extremely smooth with roughness of 
about 0.5 nm. This value is about 1/10 that of a film prepared by 
sputtering. ^ /^j^^ ^/?, a^J sCt/nO 

fFig. 6 shows results of evaluation of the_^xygen pressure dependency 



of tra^mittance 5^1X0/ "-"^^b^^xi^ElX^ oM^^iho^^A'^^^^ 
recognized. The sample Jfor measuring transmittance was formed by a 
substrate of MgO having an absoi-ption edge of about 200 nm, and it is ^^^^ 
understood that absorption of 300 nm results fi'om the IDIXO film. The 
transmittance of the MgO substrate measured at a wavelength of 500 nm 
was 84 %, and the relation between the film forming oxygen pressure and 
the transmittance of the IDIXO film (120 nm) can be calculated as shown in 
Table 3, 



Table 3 



Film Forming 
Oxygen Pressure 


IDIXO Transmittance 




0.3 Torr 


99% 






3x10-3 TorrJ/r 


87% 




3x10-3 ToiT 


92% 





3 ^ 10^ Torr 



At the film foiming pressure of 0.3 Torr, the resistivity is extremely 
increased although high transmittance is obtained. At the film forming 
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OCT 1 1 2i:j^ 

formed as a p electrode of a ZnSe LED. In order to avoid this, an 
IDIXO/Au structure obtained by forming an Au film before forming an 
IDIXO film was studied. Table 6 shows results in relation to resistivity. 



Table 6 



Thickness of Au Film 


Resistivity 


3nm 


1.2xl0-^ncm 


lOnm 


G.OxlO-sncm 



As compared with a smooth glass substrate, slightly higher 
resistivity was obtained when the thickness of the Au film was 3 nm, and 
substantially identical resistivity was obtained when the thickness was 10 
nm. When the thickness of the Au film was 3 nm, the resistivity was 
increased conceivably because no continuous film of IDIXO was grown in 
an initial stage due to the presence of Au (not contributing to electrical 
conduction) grown in the form of an island. When the thickness of the Au 
film was 10 nm, Au formed a continuous film to compensate for reduction of 
electrical conductio n of lDDCO^ /^^^- 7^, ^ Scu^s^ '^C- S^kdi/J 

^ig. 7 show^Efansmittance in IDIXO/Au electrode structure^j^^^^^^^'. 
Reduction of transmittance resulting fi-om the presence of Au is reco 
At a wavelength of 500 nm, the transmittance of the sample of IDIXO (120 
nm)/Au (3 nm) is about 80 %. The transmittance was reduced as compared 
with the small thickness of the Au film conceivably because the vt? 
transmittance of the IDIXO film itself was reduced due to the presence of \ r^cf^ 

Au. 

Fourth Embodiment 

Fig. 8 is a sectional view of a compound semiconductor Hght-emitting 
device manufactured wdth application of the method of manufactuiing a 
tramsparent conductor film according to the thii'd embodiment of the 
present invention. Referring to Fig. 8, an n electrode 52 is provided on the 
back surface of an n-type semiconductor layer 51. An active layer 53 is 
provided on the n-type semiconductor layer 51. A p-tj^je semiconductor 
layer 54 is provided on the active layer 53. A contact layer 55 is provided 
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